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To effectively manage the challenges being faced by construction organisations in a fast 
changing business environment, many organisations are attempting to integrate knowledge 
management (KM) into their business operations. KM activities interact with each other and 
form a process which receives input from its internal business environment and produces 
outputs that should be justified by its business performance. This paper aims to provide 
further understanding on the dynamic nature of the KM process. Through a combination of 
path analysis and system dynamic simulation, this study found that: 1) an improved business 
performance enables active KM activities and provide feedback and guidance for formulating 
learning-based policies; and 2) effective human resource recruitment policies can enlarge the 
pool of individual knowledge, which lead to a more conducive internal business environment, 
as well as a higher KM activity level. Consequently, the desired business performance level 
can be reached within a shorter time frame.  
KEYWORDS: knowledge management, business performance, individual knowledge, 
system dynamics 
INTRODUCTION  
The importance of KM has been increasingly recognised in the construction context. 
However, due to the fragmented nature of the construction supply chains and the dynamic 
project-based structure of construction organisations, KM implementation in the sector is still 
facing some problems (McCaffer and Edum-Fotwe, 2006). While a growing number of  
organisations now perceive KM as an integral component for business improvement, there 
are major difficulties associated with its application, including establishing strategies, 
identifying resources and evaluating the benefits (Robinson et al., 2005). The primary cause 
of these difficulties is the intangible and tacit nature of knowledge. Additionally, the dynamic 
nature of the process for managing it, presents challenges for practitioners who need to 
visualize and understand the process (Fernie et al., 2003). From the findings of an empirical 
study and system dynamics (SD) simulation, this paper sheds light on the impact of human 
resource recruitment strategies upon the dynamic interactions between the KM process, the 
internal business environment and organisational business performance.  
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LITERATURE REVIEW 
Knowledge has been recognised as one of the most important strategic resources (Sanchez, 
2003), being defined as the “justified true belief” that increases an entity’s capacity for 
effective action (Nonaka and Takeuchi, 1995). Accordingly, KM is perceived as a multi-
disciplined approach that achieves organisational objectives by making the best use of 
knowledge; it focuses on processes, such as acquiring, creating, and sharing knowledge, 
along with the cultural and technical foundations that support them (Standard Australia, 
2001). Human resources for a construction organisation ensure the existence of a large pool 
of individual knowledge, which can be viewed as a source of competitive advantage. This 
advantage occurs because employees’ tacit knowledge, such as skills, experience and 
networks, that have accumulated through years of practice in a dynamic project environment, 
cannot be easily copied by rivals or transferred without cost (Pathirage et al., 2007). Thus 
employees with T-shaped skills, an important type of tacit knowledge (Baumard, 1999), are 
extremely valuable for creating knowledge. By integrating diverse knowledge assets, they 
become a crucial element in the successful KM process, through the systematic management 
of these skills (Lee and Choi, 2003). From Sanchez’s (2001) view of sense-making, it appears 
that individual knowledge plays a key role in the organisational knowledge creation process, 
achieved through learning activities between employees at the individual, group and 
organisation level. Nonaka and Takeuchi’s (1995) famous knowledge creation model also 
illustrates the critical role of individual knowledge, in particular tacit knowledge, in creating 
and enlarging organisational knowledge assets. As recruitment strategies vary according to 
project demand, the size of the individual knowledge pool within a construction organisation 
is continually changing over time, which means the the key human resource for the KM 
process is not static. 
 
A KM process model, developed through an empirical study of a sample of construction 
organisations operating in Hong Kong (Chen and Mohamed, 2007, 2008), is illustrated in 
Figure 1. This model suggests that KM activities interact with each other and form a process 
that receives input from its context (i.e. the internal business environment), and produces 
outputs that can be justified by the business performance. In other words, the KM process can 
be influenced by organisational culture and policies, and is associated with variations in the 
business performance level. 
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Figure 1  KM process model 
 
While this empirical linear model is plausible for exploratory study it has a significant 
limitation. As Figure 1 shows, there is no feedback loop from the business performance to 
either the KM activities or the internal business environment. Thus the framework is an open 
system that can lead to exponential performance growth; however, this cannot continue 
forever. At issue then is the adoption by this model, of the Balanced Score Card (BSC), 
which is the measurement framework for its ‘business performance (BP)’ construct. The BSC 
was designed as a tool for formulating, communicating and implementing an organisation's 
strategy. In other words, the BSC is a dynamic tool that is able to change contents over time. 
According to Kaplan and Norton (1996), however, performance measurement should provide 
feedback and guidance for strategic decision making, including formulating learning-based 
policies and improving the business process. Thus it is expected that the BP level will change 
with strategy evolution; meanwhile the variations in the BP level also demands strategy 
adjustments (Wongrassamee et al., 2003). Therefore this study proposes that a variation in the 
business performance would affect the KM process and guide the formulation of internal 
policies. Hence the associations of the KM process, with the internal business environment 
and the business performance, are not linear, but are a loop. Moreover, the interactions 
between the key variables (e.g. the KM process and business performance) within the KM 
loop system vary over time. 
 
To reveal the dynamic nature of the KM loop system, this study first provides empirical 
evidence for the KM loop through structural equation modelling (SEM) analysis; then it uses 
SD simulation to analyse the interactions between the variables of the loop under the impact 
of various recruitment strategies, within the context of a construction organisation, over time. 
SD was adopted for this study since: 1) it explains the behaviour of complex systems by 
focusing on non linear, recursive relationships among variables, explicitly modelling how 
these variables interact and influence each other (Forrester, 1994); 2) it is more prevalent in 
the management arena, where studies examine changes in technology, business processes, 
and policies by modelling their outcomes, productivity, and performance (Sterman, 2000); 
and 3) it has been employed in KM and human resource (HR) related studies (Hafeez and 
Abdelmeguid, 2003; Rich, 2002). 
CAUSAL MODEL PROPOSITION 
The primary research questions this study seeks to answer are: 1) Is there any empirical 
evidence for the KM loop? 2) How do KM activities interact dynamically with organisational 
context and business performance, within certain time frames? 3) How does knowledge of 
individual employees influence this KM process, over certain time frames? Based on the 
literature review, a KM dynamic model was proposed to facilitate the investigation, 
attempting to provide answers to these research questions. As illustrated in Figure 2, the 
causal loop diagram presents the inter relationships between five variables of the model: 
internal business environment (IBE), knowledge management activities (KM), and business 
performance (BP), as well as knowledge gain (KG) and knowledge loss (KL) within a 
construction organisation.  
 
Based on the findings of previous empirical studies by Chen and Mohamed (2007, 2008), this 
study defines the above-mentioned variables as follows: IBE covers 1) the organisational 
creative environment (OEc), and policies that encourage and promote innovations; 2) the 
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organisational supportive environment (OEs), and policies and strategies that support KM; 
and 3) the technical environment (TE), technological infrastructure and its ability to respond 
to technical change. KM includes four strategically classified activities: responsiveness to 
knowledge (KR), knowledge acquisition (KA), knowledge dissemination (KD) and 
knowledge utilisation (KU). Business performance (BP) represents the business performance 
from the four perspectives of the BSC (i.e. financial, customer, process and learning). KG 
represents the total knowledge of individual employees inside the organisation, plus the 
added knowledge, over time; whilst KL represents the removed individual knowledge due to 
the departure of an individual from the organisation and the unlearning process (Hafeez and 
Abdelmeguid, 2003; Rich, 2002).  
 
 
Figure 2: Causal loop diagram of the KM dynamic model  
The causal loop diagram, shown in Figure 2, portrays the feedback loops in the KM dynamic 
model. The arrows indicate the direction of influence, and the plus/minus (+, -) signs indicate 
the type of the influence. This model proposes that, firstly, the more conducive the IBE, the 
higher the level of KM activities, which lead to better BP; a better BP enables an even higher 
level of KM that then demands and facilitates more KM friendly IBE; secondly, admitting 
new employees with desirable knowledge enables KM to exist at a higher level, whereas 
losing employees reduces the size of the individual knowledge pool and thus has a negative 
impact on the KM process. Additionally, active KM increases individual knowledge, reveals 
obsolete knowledge and triggers the unlearning process (Rich, 2002). Finally, the desired BP 
level, strategically targeted by an organisation, serves as a stimulus for the KM process 
(Kaplan and Norton, 1996).  
SEM ANALYSIS  
Based on the data collected, and the measurement scales developed by Chen’s (2007) 
investigation, this study employed a SEM technique to analyse a path model, which 
incorporates the six constructs of the KM process model, and the potential causal links 
between them. In the final path model, the estimates of both the regression weights and 
variances were statistically different from zero, at the confidence level of 0.01. Figure 3 
illustrates the significant paths (with standardised regression weights). The final path model 
presented the absolute fit indices (χ
2
=9.169 with degree of freedom (df) of 5; p= 0.103; 
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GFI=0.979; AGFI= 0.913, RMR= 1.485), the incremental fit indices (χ
2
/df= 1.834; NFI= 
0.981; CFI= 0.991), and the parsimonious fit indices (RMSEA=0.065), which were all 
indicative of a very good fit to data (Byrne, 2001: 81-86). As presented in Figure 3, the final 
fitted path model provides statistical evidence that the variance of BP influences KM 
interactions, which in turn impact on IBE. Further, BP seems to have no direct association 
with IBE. In other words, the variance of the BP influences IBE through the KM activities. 
The fitted path model supports the existence of a KM Loop.  
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Figure 3: Fitted Path Model 
SYSTEM DYNAMIC ANALYSIS 
The SD model 
The dynamics software “iThink/ STELLA” package was used as simulation tool, since it 
improves both the quality of the underlying mental models, and the reliability of the 
associated simulations (Richmond, 2004). With the empirical support of the path model 
(Figure 3), the dynamic relationships illustrated in the causal diagram (Figure 2) were 
translated into the SD model shown in Figure 4. The SD model has four main stocks: 
Employee, KM, IBE and BP. The Employee and KM stocks are designed for accumulative 
10 employment years, divided equally into two time frames (Stage 1 and Stage 2). It is 
assumed, based on the literature review, that the contribution of the individual knowledge of 
employees to the organisational knowledge pool varies with their employment status within 
the organisation, over time. As employees enter the organisation, they bring with them their 
knowledge and skills previously learnt, which adds to the total organisational knowledge; the 
longer they work, the more experienced they become, and thus the more knowledge they can 
contribute. On the other hand, knowledge loss from the KM stock has two primary causes: 
firstly, the employees who leave the organisation take their knowledge with them; secondly, 
existing employees need to unlearn some obsolete knowledge and update it with new 
knowledge through the learning process. 
The BP stock is perceived as an oven with a capacity of 1000. Desired BP represents the 
desired goal of performance and is set to 1,000 units. AT is the adjustment time for the 
desired BP level. The stock called Total KM, is designed to represent overall KM activity 
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intensity in the organisation, which it delivers to the BP stock. The Net Performance Rate is 
the inflow of the BP stock, representing the total KM of the organisation, over the adjusting 
time selected. The difference between the actual and the desired level of BP constitutes a 
stimulus feeding into the KM Gap. The system needs to keep track of the KM gap, filling it 
so that it reaches the desired level of BP. The Policy Implementation Rate is the inflow of the 
IBE stock representing the implemented organisational policies that close the KM gap 
through Internal Effort (the combination of OEs, OEc and TE) and new staff recruitment. The 
IBE provides an environment for implementing KM strategies (the combination of KR, KA, 
KD and KU), while KM strategies decide the intensity of the KM activity. In addition, the 
feedback from the BP stock was designed with a delay mechanism to allow time for strategic 
decision making. Another delay mechanism was designed with the policy implementation, 
since corrective actions also need some time to take place. 
 
Figure 4: System dynamic model for the KM process. 
Dynamic analysis 
The SD model and simulation analyses, reported herein, relate to a hypothetical contracting 
company employing 300 staff (at the initial stage). The primary objective of the simulation is 
to develop various scenarios for assessing the impact of different recruitment policies on the 
KM loop and to illustrate the dynamic behaviour of the main stocks. Graphs are plotted to 
estimate the levels of the IBE, KM, and BP under dynamic market conditions. The simulation 
revealed that the variables reached equilibrium within a certain time frame, and the individual 
knowledge pool had a positive impact on the KM process; however, the strength of such an 
impact varied with IBE and KM strategies.  
Four case scenarios, that respectively reflect organisational strategies in the boom-and-bust 
cycle of the construction market, are provided to demonstrate the model’s capabilities. The 
simulations were undertaken within a 30 month timeframe, at a monthly time step. The Case 
A represents a scenario where the organisation operated in a booming market, and enjoyed a 
high employee entry rate and a low turnover rate; while its internal effort and KM strategy 
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were kept at a medium level. In contrast, the Case B scenario, reflects a downturn situation, 
where the organisation had a low employee entry rate and a high turnover rate. In addition, in 
the Case B recruitment policy, scenarios I, II, and III respectively reflect the situations where 
the internal effort and KM strategy were set at three different levels (medium, high and low). 
Through this case design, the simulation could compare: 1) the dynamics of the main 
variables under the different recruitment policies of the boom-and-bust market conditions, 
when the organisation kept the internal effort and KM strategy at a medium level (i.e. Case A 
vs. Case B scenario I); 2) the behaviour of the main variables under a downturn recruitment 
policy, when different internal effort and KM strategies were employed by the organisation 
(i.e. Case B scenario II vs. III). The key simulation input and findings are summarised in 
Table 1 for easy comparisons. 
Table 1: Key Simulation Results  
Simulation input and key 
findings 
Case A 
(booming market) 
Case B (downturn market) 
Scenario I Scenario II Scenario III 
Employee entry rate High Low Low Low 
Employee turnover rate Low High High High 
Internal effort Medium Medium High Low 
KM strategy Medium Medium High Low 
Time to reach desired BP 10 months 26 months 15 months > 30 months 
Highest IBE 9,000 1,665 2,308 700 
Highest KM (Junior staff) 11,500 2,217 3,036 1,310 
Highest KM (Senior staff) 23,500 1,237 1,700 108 
KM fluctuation following 
policy implementation 
delays 
Slightly Sharply Sharply Sharply 
 
Figure 5 illustrates a simulation of Case A: a booming construction market (experienced in 
Hong Kong in the 1990s), where high employee entry rates and low turnover rates produce a 
rising individual knowledge rate. Under such a circumstance, where the internal effort and 
KM strategy for adding knowledge (KR, KA, KD, and KU) were kept just at a medium level, 
the BP reached the desired level (1,000 units) in just 10 months. The simulation revealed that, 
with a large inflow of employees, the IBE could reach 9,000 units, the highest of the four 
case scenarios, reflecting enormous initial efforts in promoting KM and innovation strategies. 
The delays in policy implementation caused fluctuations of the IBE; nevertheless, its lowest 
level within the 30 months simulation timeframe never dropped below 1,800 units. With the 
IBE becoming increasingly conducive, especially after the desired BP level was reached, the 
organisation continued to focus more on maintaining the level of the IBE, which stabilised at 
2,800 units at the end of the 30 month period. Following the inductive IBE, the KM activity 
intensity of both the junior (with less than five years experience) and the senior (of more than 
five years experience) employees increased steadily, and varied slightly with the fluctuations 
of the IBE. Within the first 5 months of implementation the junior employees presented 
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higher KM activity intensity than did the senior employees, apparently because they were 
following the policies and performing the tasks. With the progress of the implementation, the 
senior employees’ functions of co-ordinating, monitoring, and planning, as well as internal 
and external networking, became increasingly intensive. As the performing of these functions 
requires much more human interactions, and hence involve more intensive KM activities, the 
senior employees’ KM activity intensity rose above the level of their junior counterparts at 
the month 7 and reached around 20,000 units, to keep the BP at the desired level. The junior 
employees’ KM intensity level varied between 11,500 to 3,500 units after the desired BP was 
achieved. 
  
Figure 5 Case A Boom Scenario (High entry rate, 
low turnover rate; medium internal efforts; 
medium level KM strategy) 
Figure 6 Case B Scenario I (Low entry rate; high 
turnover rate; medium internal efforts; medium 
level KM strategy) 
 
In contrast, Figure 6 shows a simulation of Case B scenario I, a downturn situation, that 
suggests a declining individual knowledge rate caused by a low employee entry rate and a 
high turnover rate, which appears to delay the process of achieving the desired BP level. As 
Figure 6 and Table 1 show, even if the organisation kept the same medium level internal 
effort and KM strategy as those of Case A, it would take 26 months to reach the same BP 
target (1,000 units). The IBE level would swing around 1,000 units and never exceed 1,665 
units within the 30 months time frame. With a high turnover rate, the KM activity intensity 
level of both the junior and the senior employees would decrease sharply following 
implementation delays in the IBE. The results of this simulation reflect the situation 
experienced by the Hong Kong construction sector between 2001 to 2004. During the 
downturn, and due to low project demand, most construction companies experienced 
difficulties in keeping a large workforce (Chan et al., 2005). Therefore, even though the KM 
strategy was kept at a medium level, the tacit knowledge pool of the organisation was 
shrinking. The simulation shows the difficulties encountered in keeping the intensity of KM 
activities at a high level to support BP. The pressing question, therefore, is: can such a 
situation be improved? 
Case B scenarios II and III were simulated in accordance with two different types of 
strategies adopted by the contractors in Hong Kong during the downturn period (Chen and 
Mohamed, 2007). The data in Table 1, and Figures 7 and 8 reveal a sharp contrast in the BP 
level, as a result of adopting the two strategies under exactly the same recruitment policy. 
Under Case B scenario II (Figure 7), the organisation adopted a highly active KM and 
innovation strategy; they used existing resources to keep internal effort and KM strategy at a 
high level; they focused on saving costs through innovation and process improvement. The 
organisation was thus able to realise the desired BP within 15 months, and to keep their IBE 
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and KM at a reasonable high level. Case B scenario III (Figure 8) reflects the results of a 
strategy adopted by some overseas contractors during the downturn period. They withdrew 
from the Hong Kong market due to the difficulties in meeting their profitability requirements. 
Most of their managerial and professional members were re-assigned back to their overseas 
headquarters or the other regional offices. The organisation’s internal effort and KM strategy 
decreased to a low level. As a consequence, the organisation only reached a BP of merely 100 
units at the end of the 30 month period, with both the level of the IBE and KM being very 
low.  
  
Figure 7 Case B Scenario II (Low entry rate; high 
turnover rate; high internal efforts; high level KM 
strategy) 
Figure 8 Case B Scenario III (Low entry rate; high 
turnover rate; low internal efforts; low level KM 
strategy) 
CONCLUSIONS 
This study provided statistical evidence for the KM loop, indicating that variations of 
business performance (BP) influence KM activity intensity, which in turn would provide 
feedback and guidance for modifying organisational policies. The SD analyses revealed that 
employees’ knowledge (tacit knowledge in particular) contributes positively to the KM 
process. In line with previous study findings based on the Hong Kong construction market, 
the simulation’s analysis of the four case scenarios reflected an organisation’s KM 
implementation during the boom-and-bust cycle. The findings suggest that organisational 
policies cultivating a KM friendly environment and a well formulated KM strategy are the 
two success factors for achieving effective implementation, viz. to improve business 
performance. For this reason, human resource recruitment policies need to focus on enlarging 
and maintaining the tacit knowledge pool to achieve a successful long-term organisational 
strategy, rather than a short-term “overhead saving”.  
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